INTRODUCTION
============

The diversity of the U.S. population is not reflected in its current biomedical workforce. For American Indian/Alaskan Native (AI/AN) students, the rates at which students start an undergraduate degree are similar to those seen for white students, but the attrition rates have been reported to be as high as 85%, and AI/AN is the racial ethnic group least likely to major in science and engineering ([@B15]). [@B20]) note that "attrition from health science pathways can be expected owing to competition from other fields, particularly disciplines that require less time in school or are perceived to have more immediate or greater financial payoff than health and science careers"(p. 474). Additional challenges faced by these students include a lack of role models, added pressure associated with being the only individual of their race in a program, and social isolation ([@B5]). Of the 87,790 science and engineering doctorates awarded from 2005 to 2009, only 313 were awarded to AI/AN students ([@B30]).

The lack of a racially and ethnically diverse student population in the sciences is troubling for several reasons. There are significant health disparities in this country, and we need a diverse and innovative research community to help identify and address these problems ([@B36]). In addition, many National Institutes of Health--funded projects are interested in comparisons between racial and ethnic groups, which must be done in a way that is respectful of the individuals involved and with their representation at the table ([@B32]).

In recent years, the federal government has invested half a billion dollars per year to fund programs whose primary goal is to support underrepresented students in obtaining postsecondary science, technology, engineering, and mathematics (STEM) degrees ([@B29]). Many of the programs incorporate a mentored undergraduate research experience, which has been shown to increase the likelihood of students enrolling in graduate school ([@B28]; [@B11]). The laboratory experience gives students the opportunity to develop important research and communication skills ([@B24]). Additional benefits include helping the students to feel comfortable in the academic environment and to build their professional networks ([@B18]). In addition to the financial support these programs provide, the sense of belonging acts to support student integration and retention ([@B37]). The success of these undergraduate research programs depends not only on the director of the program but also on the mentors working directly with the students in the laboratory.

Most laboratory mentor--mentee relationships are centered on the mentor--protégé or *dyadic* model. While we know that mentoring is important for career progression, there are limited studies as to how mentors should support underrepresented mentees as they navigate the academic culture, and evidence suggests that poor mentorship contributes to losses of minority students at each level of education ([@B20]). Science identity theory supports a major role for mentors in helping mentees to develop scientific knowledge competence, to learn to practice science, and in recognizing mentees as scientists ([@B8]). By exploring mentors' attitudes, expectations, and experiences, we hoped to learn more about how mentors contribute to science identity formation in their mentees. In addition, culture contributes to scientific identity, and we wanted to explore with the mentors how the needs of underrepresented students might be somewhat different from those in the majority group. While there is a good body of research focused on mentees, we believe that turning more attention to the mentors who are providing the mentoring to students is necessary in attempting to more fully understand the mentor--mentee relationship and identifying how that relationship can be strengthened.

METHODS
=======

Participants
------------

Our sample of mentors constitutes a purposive sample, that is, the subjects were selected based on their participation in mentoring programs designed to increase the enrollment in graduate school of students from underrepresented groups in science. These programs have been running at the University of Minnesota--Duluth for the past 15 yr, and their primary target population is AI undergraduate students. The current program, Pathways to Advanced Degrees in Life Sciences ([www.d.umn.edu/brpa](http://www.d.umn.edu/brpa)), enrolls eight students per year ([Box 1](#BOX1){ref-type="boxed-text"}). Students enrolled in the program participate in a research education program designed to help students develop science process skills, following which students participate in a multiyear mentored research experience.

Box 1. Description of current Pathways to Advanced Degrees in Life Sciences program.A. Summer WorkshopsLaboratory and Hygiene SkillsResponsible Conduct in ResearchQuantitative MethodsProblem-Based LearningProfessional WritingComputer ModelingSurvival in AcademicsB. 2-year mentored research experience

The interviewed mentors had been at the institution for anywhere from 1 to 46 yr and were from medicine and pharmacy professional schools and from biology and chemistry undergraduate departments. Among participants in our sample, several academic ranks were represented: three were at the rank of professor, seven at the rank of associate professor, and two at the rank of assistant professor; three were graduate students. The sample included seven female and eight male mentors.

Interviews
----------

The University of Minnesota Institutional Review Board approved the research protocol (study number: 1202S09842). The mentors were contacted by the program director regarding participation in an interview, and all of the mentors agreed to participate. Prior to the interview, each participant provided consent and answered a series of demographic questions. The two primary researchers, one with experience in qualitative research and one with experience in laboratory research, conducted all of the interviews. Employing a semistructured interview style, our interview schedule was such that we asked primarily open-ended questions, and we let participants direct the flow of "conversation," even if that meant we diverged from the interview schedule for a period of time. The interview script that was used can be found in the Supplemental Material. The interviewers ended by asking whether there were any additional comments the mentor would like to share to enable the researchers to better understand his or her mentorship experience. Interviews ranged in duration from 40 to 90 min.

Data Analysis
-------------

The interviews were audio-recorded, transcribed, and then independently coded by a white social scientist (J.W.), a white biomedical researcher (A.P.), and an AI biobehavioral researcher (M.W.). The coders used an inductive approach for initial open coding, organization, and notation of the data ([@B10]; [@B23]), attempting to ascertain participants' subjective experiences as mentors in the program. That is, we attempted to identify thematic trends in the data independent of theoretical organizing frameworks. The coders used constant comparisons to look for emergent themes, and the interrater reliability was found to be high (more than 90%). While the three coders may have originally labeled particular categories differently, once we discussed the codes, we discovered that our meanings were the same, with slightly different wording. Following this open-coding procedure, we used a focused-coding strategy to organize initial themes within the context of existing literature. The focused-coding process also allowed us to directly identify meaningful transcript excerpts and combine open-coding categories as appropriate ([@B9]).

Our key objective was to use a phenomenological approach to ascertain participants' subjective experiences as mentors in the program, and we believe a qualitative approach is the most appropriate, given the depth of the data generated and the possibility for contextual and nuance interpretation. While our findings cannot be generalized, given our small sample size, they are likely to transferable to individuals in comparable situations ([@B22]). We achieved saturation after 15 interviews, and this is supported by data from [@B13]) suggesting that saturation is possible with 12 interviews.

RESULTS
=======

To learn more about mentors' experiences working with underrepresented students in the research laboratory, we contacted (through the program director) 15 mentors, and all of the mentors agreed to participate in an interview. The mentors' research focuses included a wide range of disciplines: cell biology, biochemistry, ecology, plant evolutionary genetics, medicinal chemistry, physiology, and pharmacology ([Table 1](#T1){ref-type="table"}), and the average size of the mentors' research groups was 7.6 individuals. The informants were at different points in their careers, representing graduate students through full professors, but all were directly involved in mentoring undergraduates. The mentors were equally divided by gender; 13 of our informants self-identified as white/non-Hispanic, and two self-identified as AI.

###### 

Demographics of mentors interviewed

           Biology   Chemistry   Pharmacy   Medicine
  -------- --------- ----------- ---------- ----------
  Female   3         0           0          4
  Male     0         1           1          6
  Total    3         1           1          10

A great deal of information was gained from these interviews, and we wish to provide a descriptive account of key themes that emerged in the interview data. Mentors described how they envision their *role* as mentors and how that shapes the mentoring relationship. We learned what the mentors see as the primary advantages, as well as the disadvantages, for themselves and their mentees. Informants were asked to describe how they conceptualize the term "underrepresented" and to identify ways in which diversity affects the mentoring relationship. Mentors also shared their views on what they envision for their mentees' futures. We address each of these themes below, and in so doing, we pay particular attention to the latent content of the data, that is, the meaning(s) that underlie the manifest content.

The Role and Benefits of Being a Mentor
---------------------------------------

With respect to how the informants see their role as mentors in the program, the key theme that emerged in our interview data was providing opportunities for career development---more specifically, training students in lab techniques and giving them experience in designing and executing experiments. Mentors highlighted enabling students to learn about science, helping them to discover their aptitudes and interests, and building students' confidence. Informants noted that students often work on faculty members' research projects, but some informants indicated they try to get the students to the point of testing their own hypotheses. The primary benefit that mentors identified for students was exposure to the scientific world and how science works---as one informant stated, "doing the scientific method from start to finish."

One respondent commented that the "strength of the program is its duration and the level of financial support." The longer duration was described as allowing students to see the "meandering pathway of learning," and the financial support enabled students to travel to meetings and interact with the larger scientific community. A sense of belonging (e.g., working on a team) was also highlighted. Many of the responses could fall under "professional socialization." One informant stated that "it\'s a path to graduation ... a path to success in science after graduation."

With respect to benefits that the mentors themselves experience, the most frequent responses point toward intrinsic rewards. For example, one respondent stated as a benefit: "having people who are interested in learning ... it makes the lab be alive." Another noted that working with mentees in the lab "keeps you on top of your game." Others commented on the experience of seeing the students grow and develop: "they acquire knowledge and they ... take ownership" and "knowing students leave changed for the better thanks to your interaction." Some mentors participated in the program to support a colleague\'s worthwhile program and/or to give back to the scientific community, because their own undergraduate research experience was formative in their career development.

Respondents were asked what is needed for one to be an effective mentor. A majority of mentors indicated that the mentor needs to be involved and/or enthusiastic. One individual described this as being infectious, in that the excitement can spread to the student. A mentor needs to be able to explain, at a nonexpert level, and help the student understand how his or her project fits into the bigger picture. A mentor also needs to be able to break the project down into doable pieces and provide the students structure, "because it\'s a big scientific world." Respondents emphasized that mentors should not be too critical, because that may turn people off to science. It was advised that mentors be empathetic and patient, but careful to maintain an environment that is not perceived to be too relaxed.

Challenges or Disadvantages of Being a Mentor
---------------------------------------------

When asked whether they could think of any challenges or disadvantages associated with serving as a mentor, the modal categories of responses were lack of recognition for mentoring undergraduate students and the time commitment required. With respect to the former, some illustrative quotes include "I don\'t have any objective evidence that mentoring (undergraduates) has been something that was valued by my bosses," "You don\'t get any recognition for that, at any level," "It\'s partly charity work," and "It\'s a career killer" (i.e., this kind of work will not get one promoted). So, the lack of recognition/reward from superiors and the time commitment were the two big themes, and only one mentor felt there were "none whatsoever" challenges associated with mentoring.

Other comments pointed toward challenges that stem from the academic grade level of the students; for example, it was noted that training undergraduates in the lab is a significant time commitment and may mean less research productivity potential as compared with a graduate student. There was concern that many freshmen and sophomores are relatively immature and are not accustomed to receiving constructive criticism. An informant also observed that a challenge could be that you might get a student whose personality or aptitude is not a good fit with the other members of the laboratory.

We asked the mentors whether they used any type of screening process when deciding whether to accept a student into the lab. Some factors the mentors considered included personal connection to the focus of the lab (e.g., family member with cancer), a student\'s ability to make a commitment, a student\'s comfort with killing animals, and whether the mentor felt a student had a "high level of innate intelligence." Mentors also explained that they accepted most students, and then the students would "sink or swim," which was also described as a larger process at the institution of "culling the herd," otherwise expressed as there are "just going to be people who are not going to fit." Almost all of the informants identified when the students stopped coming to lab as evidence of an unsuccessful mentoring relationship, which was generally attributed to the students discovering that science was not for them.

As a follow-up to the question about challenges or disadvantages, we asked our informants whether there might be particular programs, networking ideas, or resources they thought could support mentors at their institution. Some respondents indicated that knowing what the "best practices" are would be helpful; in particular, it was noted that it would be helpful to know whether there are different best practices for underrepresented students. Some mentors mentioned that training on how to supervise others might be instrumental, but there was concern regarding whether the mentors would have time to participate in training sessions.

Mentors' Understanding of What Is Meant by "Underrepresented"
-------------------------------------------------------------

Given that the primary goal of this particular mentoring program is to recruit and train students from underrepresented groups in higher education (AIs, in particular), one of the questions posed to informants was: "From this context, what does the term 'underrepresented' mean to you?" The modal response centered on first-generation college students and members of minority groups. One informant clarified the minority group definition to include "African Americans of slave descent \[and\] ...Natives, because of treaty rights." One individual mentioned older, returning students. Many felt that it was class based and indicated individuals with little experience, few opportunities, and lack of financial support. None of the informants identified disability in the context of underrepresentation.

Concomitant with considering social class and race/ethnicity, a number of informants referred specifically to representation (or rather, lack of representation) in the sciences: "People that ... are not represented in the professional ranks ... it\'s largely ethnicity based, but also sex-based because my understanding is that even though women are more than half of grad students in math and med school, they are still minority in faculty positions."

An evolving definition appeared to be one relating to health disparities among different groups.

How Does Diversity Affect the Mentoring Relationship?
-----------------------------------------------------

Given our focus on, and concern about, the experience of underrepresented students in the academic setting in general, and in this mentoring program in particular, we were interested in learning how these mentors view the effect of diversity in the mentor--mentee relationship. One respondent noted that it is easier to make analogies with people who share a background similar to your own. So to the extent that the nature of a student\'s diversity is distinct from the mentor's, this could present a challenge. Some mentors recognized that preconceived notions can be a complicating factor and that we all need to be aware of our propensity to be influenced by stereotypes and the issue of self-fulfilling prophecies.

One of our respondents, an AI who had gone through the program as a mentee, emphasized that, from the students' side, they may feel they have entered a foreign land and may be less confident. Also, there is a difference in culture in terms of the education system, which is often viewed with criticism and suspicion, and this system is taking the AI students away from their communities. And there is a challenge with the institutional setting, wherein there is "one way to do things." This respondent did not encounter a lot of negative incidents, and she felt the program allowed students to be themselves. But the dissonance and struggle identified is important to highlight. As was stated: "If nobody in my family had a profession where something like the sciences is familiar to me, then it becomes this foreign land, where I'm trepidatious and not comfortable, and I don\'t know if I belong here necessarily ... Like in my culture, it\'s very important to contribute and be of service to the people, but doing it through the education system, not necessarily. 'Cause well, I'm an American Indian, and so a lot of the education system is seen with criticism, with intense, like suspicion."

Another mentor expressed concern about "breaking spirit" by not being familiar with body language and culture. Many mentors expressed interest in learning from students and indicated that it creates a richer experience. Importantly, though, the majority of mentors in this study indicated that diversity did not impact their relationship at all.

Mentees' Futures
----------------

Informants were asked whether they encouraged their mentees to continue their science education and obtain a PhD, as this is the major goal of these programs. Most mentors emphasized that the students should know their options and should be encouraged to follow what will be the right path for them, realizing that this very well may mean that they do not go on to earn advanced degrees. The following responses exemplify this: ""In my lab I encourage them (the students) to do what they want to do."" ""I definitely encourage going on to a graduate degree ... look at your options. \[But\] don\'t assume that the higher degree is gonna set you up for the best position possible. Look at what you want to do. Do you want to work in the field? Do you want to be conducting the experiment? Or do you want to be designing the experiment, and do you want to be the overseer of many projects?""

The following responses are consistent with the theme of making sure that students are aware of their options, but these comments also seem to have more of a dissuading aspect to them (i.e., dissuading students from pursuing a PhD as a way of "protecting" the students): ""I think the academic life is a very difficult one, and if they bring it up with me, I usually tell them to talk to several people and find out about ... quality of life issues."" ""I don\'t push graduate school with any of the students because ... I think we're producing far too many PhDs in science than we are jobs."" ""I used to try and make everybody a PhD, but I've come to realize that you've gotta have fire in the belly and a tough hide. And not everybody has that (p. 358)"."

Such comments appear to address the concern expressed by [@B7]) and others that academic training equips students with "the technical skills for job success but provides comparatively no preparation for developing one\'s career, balancing work-life matters, or managing professional challenges" (p. 358). The majority of mentors in our sample were sensitive to helping ensure that students are aware of their options and, if students do pursue advanced degrees, that they do so with their eyes wide open to the realities of what this entails.

DISCUSSION
==========

Our interviews with a group of mentors who participate in a mentoring program aimed at recruiting underrepresented students into the biomedical/biobehavioral sciences have given us insight into the mentors' perceptions and experiences. Results from our interviews identified particular challenges the mentors face and what resources they feel might be helpful. The results clearly sensitize us to the need for institutions to demonstrate that they value mentoring. Importantly, the interview data demonstrate how mentors conceptualize the meaning of underrepresentation and how they anticipate that diversity does (or does not) affect mentoring relationships.

While the small size of our sample does not readily lend itself to making claims about interactions between variables (e.g., that race and/or gender of mentor had a significant effect on the meanings mentors attached to underrepresentation or the effects of diversity), it is the case that mentors coming from underrepresented groups themselves were more sensitive to the aspect of diversity and more understanding of ways in which the academic setting may represent a strange world in which underrepresented students struggle to readily see how and where they fit.

Discovering the predominance of the notion that diversity does not affect the mentoring relationship is an important finding, and one that needs to be addressed more fully. This idea of color blindness can be problematic, in that it ignores or overlooks the experiences of those who do not hold a dominant position in society and can hinder one\'s ability to recognize unconscious biases ([@B4]). Members of the majority group are also conditioned to not recognize the privileges that their majority group status may bestow ([@B25]). Individuals primed with color blindness exhibit more behavioral prejudice, which was shown to mediate decreased cognitive performance of ethnic minorities ([@B17]).

Mentors in our study also had an incomplete understanding of what factors contribute to student attrition from the sciences. A multicampus study of science, math, and engineering students found that only 10% of these students left these disciplines because they had discovered that a nonscience field was a better fit for them ([@B33]). Having coping strategies, including connections with other students, feelings of self-efficacy ([@B3]), and being able to embrace more of an individualistic mentality, are key factors in determining whether students remain in the scientific discipline or choose to leave. Adapting these behaviors is often more challenging for AI students and others raised as part of collectivist societies, in which a focus is on the good of the community rather than individual performance ([@B14]). Finally, the ability of AIs to successfully connect to the academic community may be complicated by previous historical trauma experienced by their home communities, which results in the distrust mentioned by one of the mentors in our study ([@B1]).

Although not an area of focus prior to beginning our study, our findings also revealed another area in which greater sensitivity is needed: addressing the killing of animals in the laboratory. One mentor stated that potential mentees are told that killing animals is a requirement to join the laboratory. This direct approach has been previously reported to shut out AI students who, on the basis of their cultural beliefs, may not be comfortable with killing animals but nevertheless could certainly have a future in the biomedical/biobehavioral sciences ([@B21]). Mentors could be more empathetic in this regard and could have students participate in the analysis of a sample without being required to participate in the dissection. These types of difficulties in cross-cultural communication have been associated with students feeling isolated in the academic environment ([@B31]).

Another important observation was the reluctance of some of the mentors to encourage undergraduate students to pursue academic careers. Similar challenges have also been identified at the national level, with fewer PhDs in tenure-track positions and a long training period with significantly less pay when compared with other advanced degrees ([@B27]). For many underrepresented students, having financial stability is critical, as they often have larger undergraduate student loan debt and may need to support multiple family members ([@B31]). Furthermore, when students look around and do not see any role models who look like them, it is often difficult for them to envision themselves as the person running the laboratory ([@B35]). These are important challenges to address if we are to meet the goal of increasing diversity within the research community.

Leadership at the departmental level needs to legitimize and support mentoring of undergraduates, so both mentors and mentees are working within a supportive environment. Many departments and institutions have diversity statements, and one way to enhance diversity is through the support of mentors, including greater recognition and mentor training. Another concern is providing faculty with the time to adequately mentor. A previous study with female undergraduates, including two AI students, suggested that students may interpret faculty lack of time as a dislike of the students, and this may discourage the students from pursuing science degrees ([@B21]).

Most of the mentors expressed interest in mentor training, but some mentors were hesitant, which could be alleviated by departmental support. Box 2 highlights our recommendations for a mentor-training program based on our results. Implementing a training program will help to build a community, because many of the mentors were unaware of the identities of the other mentors associated with the program. We recommend using a mentoring program similar to Entering Mentoring ([@B16]), which provides guidance in building laboratory skills through an active-learning approach, but we also strongly encourage including a cultural component.

Box 2. Proposed mentor-training program.Transmit goals of program.Build a community for the mentors.Develop strategies to help students meet research goals.Discuss mentor\'s role in supporting student\'s professional and personal development.Increase awareness about the psychological basis of bias and stereotype threat.Encourage mentors to build long term relationships with mentees and to frame their relationship as a partnership.

The cultural component should involve a nonthreatening environment in which the mentors can discuss that categorization leading to stereotyping is a normal part of human cognition, that stress can increase stereotyping, and that suppression of stereotypes can lead to negative, unintended consequences ([@B6]). Mentors need to understand how stereotype threat can impair students' intellectual functioning ([@B2]). As Claude [@B34] has demonstrated, when one\'s social identity is attached to a negative stereotype, the individual may then underperform, thus reinforcing or "fulfilling" the stereotype. Stereotype threat has been documented to occur with regard to underrepresented students in STEM fields ([@B19]).

A limitation of our study is that it was performed at a single institution. The themes we identified can serve as the basis for developing quantitative surveys to be applied to mentors at other institutions to test whether the identified themes are more generalizable. [@B11a] suggested that the lack of professional rewards for mentoring undergraduates is not unique to our institution. It is also important to note that there is recent evidence suggesting widespread racial and gender bias among scientists during both the grant-review process and hiring ([@B12]; [@B26]).

The primary goal of our project is to characterize factors that affect AI students' abilities to develop science identities. As described here, we focused on the laboratory mentoring relationship from the perspective of the mentor. Sharing the knowledge gained from this study with individuals involved in mentoring should facilitate improved mentoring relationships, better enhance underrepresented students' college experience, and lay the groundwork for these students' career progression in the biomedical/biobehavioral sciences. The dominant/majority paradigms must identify ways to incorporate those perspectives that have historically been absent in the scientific workforce. Our research addresses important issues regarding diversification of the scientific enterprise---not by means of tokenism, but through a genuine, deliberate, inclusive effort by providing support, assistance, and resources to enable success.
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